Introduction
============

Fibromyalgia (FM) is a disorder characterized by chronic complaints of spontaneous widespread pain essentially marked by fatigue, sleep disruption and distress.[@b1-jpr-11-823],[@b2-jpr-11-823] Despite its prevalence, the specific etiology of FM is still unknown. Nevertheless, growing body of research suggests that hypervigilance, defined as high awareness of potentially negative stimuli, seems important in FM and may contribute to sensory overload.[@b3-jpr-11-823]--[@b6-jpr-11-823] Recent research even evidenced abnormally heightened attention to interoceptive signals arising within the body, like spontaneous sensations (SPSs),[@b7-jpr-11-823] and showed that affective aspects of pain modulated this effect.[@b8-jpr-11-823] This suggests that interoception may be amplified in FM (hypervigilance) and modulated by pain.

Interoception is a multidimensional construct[@b9-jpr-11-823]--[@b11-jpr-11-823] and comprises three independent dimensions: accuracy, sensibility and awareness. Interoceptive accuracy (IA) is often measured through the ability to perceive accurately one's own heartbeats.[@b3-jpr-11-823],[@b12-jpr-11-823]--[@b15-jpr-11-823] Even though FM patients are expected to be hypervigilant toward internal signals and more accurate in tracking their own heartbeats, some studies[@b13-jpr-11-823],[@b16-jpr-11-823] failed to support this hypothesis, since no difference in IA between patients with FM and controls was found. Interestingly though, Duschek et al[@b17-jpr-11-823] showed that clinical symptoms, including pain, were closely associated with decreased IA in FM. Nevertheless, the literature is quite poor and inconsistent as far as IA in FM is concerned.[@b18-jpr-11-823]

On its turn, interoceptive sensibility (IS) is a dispositional tendency to be internally self-focused and interoceptively cognizant. Rost et al[@b13-jpr-11-823] reported that patients with FM had a heightened focus on bodily sensations, and Borg et al[@b7-jpr-11-823] confirmed this through the Somatosensory Amplification Scale (SSAS).[@b19-jpr-11-823] However, the same authors, as well as Valenzuela-Moguillansky et al,[@b16-jpr-11-823] did not find any difference between FM and controls using the Multidimensional Assessment of Interoceptive Awareness (MAIA),[@b19-jpr-11-823] another measure of IS assessing attention and emotions related to bodily sensations. These discrepant results may come from different aspects of interoception assessed through these scales. Finally, interoceptive awareness (IAW) is a metacognitive measure of interoception. It can be assessed through the relationship between the accuracy in a heartbeat tracking task and the degree of confidence the participant has in his/her perceived performance in that task.[@b20-jpr-11-823] To our knowledge, this dimension of interoception has never been investigated in FM yet.

One particular aspect of the generalized hypervigilance hypothesis of FM is its relationship with negative affect, anxiety and depression,[@b21-jpr-11-823] which are also related to interoception. Interoception is shaped through higher expression of subjective and physiological indicators of emotional experience and benefits from affect regulation and emotion-related behaviors[@b22-jpr-11-823],[@b23-jpr-11-823] as well as from emotional susceptibility.[@b9-jpr-11-823] Nevertheless, the relationship between pain, emotion and interoception[@b24-jpr-11-823],[@b25-jpr-11-823] is not clear yet.[@b18-jpr-11-823],[@b24-jpr-11-823] Borg et al[@b7-jpr-11-823] showed that sensory and affective aspects of pain in FM modulated the perception of bodily sensations, whereas Rost et al[@b13-jpr-11-823] found no relationship between IA and measures of mood and affect. These inconsistencies might be not only due to differences in methodologies but also to the use of different theoretical conceptions of interoception. Therefore, the aim of the current study was twofold: 1) to investigate in a single sample of female FM patients the three dimensions of interoception and 2) to examine the predictive value of affect and mood, hypervigilant self-awareness and pain on interoception.

Materials and methods
=====================

Participants
------------

The data are presented as mean ± SD. Twenty-one participants with a diagnosis of FM (all female; mean age (years): 50.3 ± 8.7; age range: 35--62) and 21 matched healthy female participants (mean age (years): 46.3 ± 9.9; age range: 26--63) were included. The patients met the American College of Rheumatology criteria for FM.[@b2-jpr-11-823],[@b26-jpr-11-823] Exclusion criteria comprised inflammatory causes of pain, neurological disorders, metabolic abnormalities and severe somatic (eg, cancer) or psychiatric (eg, psychosis) diseases. No patient presented visceral disease. Nevertheless, the presence of comorbid mood disorders, such as anxiety or depression, was accepted. The control participants met the same exclusion criteria as the patients but were also required to be free of pain disorders. There was no difference in age between the two groups (*t*(40) = 1.4, ns). The mean body mass index was 27.7 ± 5.2 kg/m^2^ for FM and 26.0 ± 5.8 kg/m^2^ for the healthy controls (*t*(40) = 0.96, ns). The mean number of years of education was 12.6 ± 2.2 for FM and 14.2 ± 3.1 for controls (*t*(40) = 1.91; *P* = 0.07). All participants gave their written informed consent for their participation prior to the test. This study was approved by the Ethics Committee/Institutional Review Board of the CHU de Saint-Etienne (no. IORG00077394).

Procedure
---------

### Measures of interoception

#### Interoceptive accuracy

A mental heartbeat tracking task was used. Four electrodes were used to record electrocardiogram (ECG) signal: two were placed at the shoulder (one on the left and one on the right) and two on the wrists. ECG signal was recorded, using electrocardiographic MAC5000® acquisition system (Marquette Medical System, Milwaukee, MI, USA), sampled at 500 Hz and stored in a laptop (inspiron2200®; Dell, Round Rock, TX, USA). The R waves of the ECG were detected by an automatic algorithm based on wavelet transform in a free software HRV analysis.[@b27-jpr-11-823] Artifacts were corrected with a cubic spline interpolation, and each QRS complex was visually validated before being implemented in the analysis. To synchronize testing blocks and ECG, digital triggers were sent to the recording system and stored along with ECG data.

After having placed the ECG electrodes, participants were asked to put a sleep mask. The aim was to reduce any interference from visual input. After a rest period of 5 minutes, the heartbeat tracking task began. Three heartbeat-counting trials were presented, and their duration was 30, 60 and 80 seconds, respectively. This range was similar to the one used before by our team[@b28-jpr-11-823] and chosen to be larger than in most studies[@b15-jpr-11-823],[@b29-jpr-11-823] for preventing participants from giving similar responses due to comparable durations of trials. The order was balanced in a Latin-square order across participants. Participants were required to count their heartbeats silently. The beginning and end of each trial were indicated by a tap on the participant's shoulder. Participants were asked not to use any manipulations that might facilitate tracking their heartbeats. At the end of each trial, they had to give verbally the number of heartbeats they had counted. The next trial followed. They were not informed about the duration of each trial. Successive trials were separated by a silent period of 15--40 seconds. The task lasted about 5 minutes. A heartbeat perception score (HBscore) was computed using the following formula:[@b29-jpr-11-823] $$\text{HBscore} = \frac{1}{2}\Sigma\left( {1 - \frac{\left| {\text{rHB} - \text{cHB}} \right|}{\text{rHB}}} \right)$$where rHB represents the number of heartbeats recorded and cHB the number of heartbeats counted by the participant. The HBscore ranges from 0 to 1, with higher scores representing more accurate ability to perceive heartbeats. A second accuracy score was computed, and it consisted in the covariance between the recorded and the counted heartbeats. Covariance is a measure of how changes in one variable (here, the number of heartbeats counted by the participants) are associated with changes in a second variable (here, the actual number of heartbeats recorded). Here, it is used as a measure of the degree to which counted and recorded heartbeats are linearly and closely associated.

#### Interoceptive awareness

In each trial, participants were required to rate verbally their confidence (1 = not confident at all; 10 = extremely confident) in their accuracy each time they gave a response. IAW during the heartbeat tracking task was quantified using the covariance between heartbeat accuracy and confidence ratings.

#### Interoceptive sensibility

IS was assessed with the French version of the MAIA questionnaire.[@b20-jpr-11-823],[@b48-jpr-11-823] It consists of 32 items distributed in 8 scales comprising 3--7 items each: Noticing, Not-Distracting, Not-Worrying, Attention Regulation, Emotional Awareness, Self-regulation, Body Listening and Trusting. Participants are requested to score in a 0--5 scale (0 = never, 5 = always) the frequency with which each one of the listed situations happens. Sample items include "I notice how my body changes when I feel happy/joyful" and "When I feel physical pain, I become upset".

Measure of heart rate at rest
-----------------------------

In addition to the heartbeat tracking task, heart rate at rest was recorded during the intertrial rest periods of 15--40 seconds. Resting heart rate (RHR) was not of central importance here. However, heart rate may have an impact on the main task which was silent heartbeat counting.

Questionnaires assessing mood and affect
----------------------------------------

Each participant received a number of questionnaires meant to assess some important characteristics that may influence performance. The aim here was to uncover the way and degree at which these characteristics determine different aspects of interoception. The State-Trait Anxiety Inventory[@b31-jpr-11-823] is a self-completed inventory consisting of two sets of 20 items: one assessing trait anxiety and one assessing state anxiety. All items are rated on a 4-point scale (ie, from "Almost Never" to "Almost Always") for a total score varying from 20 to 80.A validated French translation of the Beck Depression Inventory (BDI)[@b32-jpr-11-823],[@b33-jpr-11-823] assesses the severity of depressive symptoms. The BDI is a 21-question multiple-choice self-report inventory, with each answer consisting of a scale value ranging from 0 to 3. Total scores vary between 0 and 63, and higher scores indicate more severe depressive symptoms.Finally, the Affect Intensity Measure (AIM)[@b34-jpr-11-823] was used. It examines emotional reactions to typical life events. It typically contains 40 items that measure individual differences in affect intensity. Sample items include "When I feel guilt, this emotion is quite strong", "My emotions tend to be more intense than those of most people" and "I can remain calm even on the most trying days" (reverse-scored). A French version of 20 items is available,[@b35-jpr-11-823] each item allowing to measure, on a 6-point scale from Never to Almost Always, how an individual tends to experience emotions.

Questionnaires assessing self-awareness
---------------------------------------

1.  Somatosensory amplification, referred to as being the tendency to experience somatic sensations as intense, noxious and disturbing, was assessed with the French version of the SSAS.[@b19-jpr-11-823],[@b36-jpr-11-823] The SSAS is a 10-item self-report questionnaire that requires the respondents to rate, on an ordinal scale of 1--5, the degree to which each statement is characteristic of them in general. A higher total score indicates greater symptom amplification.

2.  Self-awareness was assessed through the French version of the Self-Consciousness Scale (SCS).[@b37-jpr-11-823],[@b38-jpr-11-823] It is a 23-item self-report questionnaire using 5-point ratings (0 = extremely uncharacteristic to 4 = extremely characteristic) divided into three subscales: private self-consciousness, public self-consciousness and social anxiety. Sample items include "It takes me time to get over my shyness in new situations", "I get embarrassed very easily" and "I generally pay attention to my inner feelings".

Questionnaires assessing pain and pain catastrophizing
------------------------------------------------------

1.  The Visual Analogue Scale (VAS) was used to measure the level of pain and consists of a 10-cm straight horizontal line with the end points defining extreme limits such as "no pain at all" and "pain as bad as it could be". The patient is asked to mark his/her pain level on the line between the two end points. The distance in centimeters between "no pain at all" and the mark then defines the subject's pain.

2.  A French version of the Pain Catastrophizing Scale (PCS)[@b39-jpr-11-823],[@b40-jpr-11-823] was also used in this study. The PCS is a 13-item self-report questionnaire divided in three subgroups: rumination, exaggeration and vulnerability. Participants had to assess their personal experience with a 5-point scoring from 0 to 4. Final scores vary from 0 to 52.

3.  The Questionnaire Douleur Saint-Antoine (QDSA)[@b41-jpr-11-823] is a French adaptation of the McGill Pain Questionnaire. It was used to evaluate more qualitatively the pain, pain perception and sensory and affective aspects of pain. It includes 61 descriptors divided into 16 subclasses: nine sensory, seven affective and one evaluative. This questionnaire makes it possible to specify a notion of intensity and appreciates the experience of the pain. For each word group category, the patient surrounds the most representative word of his/her pain and then rates it from 0 to 4. A total score can be calculated by summing the numbers of each word.

Measure of auditory selective attention
---------------------------------------

It has already been demonstrated that selective attention is also relevant for interoception,[@b11-jpr-11-823] even though they are two different functions.[@b42-jpr-11-823] Therefore, in order to disentangle the contribution of attention from that of interoception, a task of auditory selective attention was also completed by each participant. It consisted in three digitalized auditory files of 30, 60 and 80 seconds containing, respectively, sequences of 36, 71 and 95 auditory stimuli of 21 dB (thus, 71--72 stimuli per minute) similar to heartbeats. The duration of each beat was 740 ms. In order to increase the difficulty of the task, the interbeat interval (from the end of one beat to the beginning of the next) varied unpredictably from 10 to 575 ms, and a continuous background Brownian noise (strong in longer wavelengths) of 25 dB was added. Participants had to count beats silently. At the end of each sequence, they were asked to report verbally the number of beats they had counted. The following trial then began. The duration of each trial was not given to participants in order to avoid any response strategies. The order of the sequence was balanced in a Latin-square order across participants.

Statistics
----------

The simple comparison between FM patients and controls for each one of the collected variables was achieved through the Welch's adaptation of the *t*-test for independent samples[@b43-jpr-11-823] in order to account for any inequality of variance between the groups. The analysis of the determinants of interoception was done through two separate steps. During a first step, a principal component analysis (PCA) with Varimax rotation was used to identify and compute composite scores for the factors underlying the nine scales completed by participants. During a second step, the predictive value of the three factors identified through the PCA and of selective attention on variables representing interoception was assessed through multiple regressions. Being important for interoception, age, body mass index and RHR[@b44-jpr-11-823] were also entered as predictors. Naturally, since differences between FM patients and controls were at the center of the present investigation, group was also entered as a predictive variable (controls were coded as 1 and FM patients as 2, in a way that a positive predictive relation would intimate an effect in the FM group).

Results
=======

The results are presented in [Table 1](#t1-jpr-11-823){ref-type="table"}, and except when noted differently, are presented in the text as mean ± SD. Data in the MAIA scale were missing for two controls and three patients.

Resting heart rate
------------------

No difference was found in the RHR between the two groups (FM = 81.7 ± 9.2 bpm; controls = 79.3 ± 9.7 bpm; *t*(40) = 0.81, ns).

Interoception
-------------

First, correlational analyses ([Table 2](#t2-jpr-11-823){ref-type="table"}) showed an expected strong positive correlation between the HBscore and the recording/response covariance (*r*(40) = 0.775, *P* \< 0.001). This suggests that the two scores measure much of the same thing, that is, accuracy of heartbeat perception. No link between IAW (the covariance between the HBscore and confidence ratings) and IS (the MAIA subscales and total) was found. A positive correlation was found between the recording/response covariance (an IA measure) and the Not-Worrying subscale of the MAIA (*r*(35) = 0.387, *P* \< 0.02).

### Accuracy

The range of the heartbeat perception scores was 0.0--0.97, with a mean of 0.43 ± 0.32. This is within the range of the results reported previously in the literature (eg, mean = 0.57, range = 0.0--1.0,[@b24-jpr-11-823] mean = 0.65[@b42-jpr-11-823]). The internal consistency was excellent as suggested through the high Cronbach's alpha coefficient (0.94). No difference was found in the HBscore between the two groups (FM = 0.47 ± 0.31; controls = 0.39 ± 0.32; *t*(40) = 0.96, ns). Furthermore, no difference was found in the recorded/counted heartbeats covariance between the two groups (FM = 372 ± 287; controls = 263 ± 293; *t*(40) = 1.21, ns).

### Awareness

Mean confidence ratings did not differ between patients with FM (4.44 ± 1.6) and controls (3.86 ± 2.1; *t*(40) = 0.99, ns). IAW expressed as the covariance between the HBscore and confidence ratings did not differ between the two groups (FM = −0.01 ± 0.1; controls = 0.04 ± 0.3; *t*(40) = 0.66, ns).

### Sensibility

Patients with FM scored lower in the Trusting subscale of the MAIA (FM = 6.72 ± 3.29; controls = 10.21 ± 4.01; *t*(35) = 2.90, *P* \< 0.006, Cohen's *d* = 0.95). No other differences were found, and no difference was found either between the two groups in the total score of the MAIA scale (FM = 85.7 ± 15.6; controls = 89.9 ± 24.3; *t*(35) = 0.61, ns).

Questionnaires of mood and affect
---------------------------------

The scores in the BDI were higher for FM patients (9.85 ± 5.5) than controls (3.09 ± 2.7; *t*(40) = 4.97, *P* \< 0.001, Cohen's *d* = 1.54). No differences were found between the two groups in the State (FM = 46.4 ± 7.3; controls = 43.0 ± 10.5; *t*(40) = 1.20, ns) and Trait Anxiety (FM = 46.8 ± 5.3; controls = 45.6 ± 9.0; *t*(40) = 0.54, ns) questionnaires nor in the AIM (FM = 81.2 ± 12.3; controls = 76.9 ± 13.9; *t*(40) = 1.06, ns).

Questionnaires of self-awareness
--------------------------------

The scores in the SSAS were higher for FM patients (33.1 ± 5.5) than controls (27.4 ± 5.6; *t*(40) = 3.77, *P* \< 0.001, Cohen's *d* = 1.17), but no difference was found between the two groups in SCS (FM = 50.5 ± 12.5; controls = 52.7 ± 11.2; *t*(40) = 0.58, ns).

Questionnaires of pain and pain catastrophizing
-----------------------------------------------

Reliable differences between FM patients and controls were found in the pain VAS (FM = 4.26 ± 1.9; controls = 0.94 ± 2.0; *t*(40) = 5.43, *P* \< 0.001, Cohen's *d* = 1.68), the PCS (FM = 30.7 ± 9.6; controls = 15.5 ± 8.5; *t*(40) = 5.40, *P* \< 0.001, Cohen's *d* = 1.67) and the QDSA (FM = 105.3 ± 40.8; controls = 38.9 ± 20.2; *t*(40) = 6.67, *P* \< 0.001, Cohen's *d* = 2.06).

Auditory selective attention
----------------------------

The same equation as for the HBscore was used here in order to compute accuracy. No difference was found between the two groups in the accuracy with which auditory signals were counted (FM = 0.85 ± 0.09; controls = 0.89 ± 0.08; *t*(40) = 1.34, ns). The covariance between the number of presented targets and the number of counted targets was also computed. It correlated with the mean accuracy in the same task (*r*(40) = 0.51, *P* \< 0.001). Once again, no difference was found between FM patients (656 ± 79) and controls (628 ± 89; *t*(40) = 1.07, ns).

Correlation analyses
--------------------

Correlation analyses were carried out in order to unravel isolated linear links between IA, IAW and IS on one hand and the nine scales assessing mood and affect, self-awareness and pain and catastrophizing on the other hand ([Table 3](#t3-jpr-11-823){ref-type="table"}). IA, as assessed through the HBscore and the recording/response covariance, did not correlate with any of the scales. IAW, as assessed by the confidence/accuracy covariance, correlated negatively with pain expressed at time of testing (*r*(40) = −0.335, *P* \< 0.03). Finally, IS, as assessed through the subscales of the MAIA, correlated with several other instruments. Noticing correlated with the AIM (*r*(35) = 0.446, *P* \< 0.006) and the QDSA (*r*(35) = 0.399, *P* \< 0.02). Not-Worrying correlated negatively with the BDI (*r*(35) = −0.517, *P* \< 0.001), the SSAS (*r*(35) = −0.355, *P* \< 0.03), the SCS (*r*(35) = −0.518, *P* \< 0.001) and the PCS (*r*(35) = −0.468, *P* \< 0.004). Emotional Awareness correlated with the AIM (*r*(35) = 0.440, *P* \< 0.007), the SSAS (*r*(35) = 0.389, *P* \< 0.02), the SCS (*r*(35) = 0.494, *P* \< 0.002) and the PCS (*r*(35) = 0.344, *P* \< 0.04). Body Listening correlated with the SSAS (*r*(35) = 0.390, *P* \< 0.02) and the SCS (*r*(35) = 0.421, *P* \< 0.01). Trusting correlated negatively with the BDI (*r*(35) = −0.393, *P* \< 0.02), the PCS (*r*(35) = −0.461, *P* \< 0.004) and the QDSA (*r*(35) = −0.468, *P* \< 0.004). Finally, no correlations were found as far as the Not-Distracting and the Attention Regulation subscales were concerned. The total score of MAIA did not correlate with the other self-reported instruments, and this can be easily explained by the fact that some of its subscales correlated positively while others negatively with those instruments, mutually neutralizing their effects.

Determinants of interoception
-----------------------------

In the PCA ([Table 4](#t4-jpr-11-823){ref-type="table"}), initial eigenvalues indicated that three factors explained 19.5%, 11.7% and 40.7% of the variance, respectively, and all scales met a minimum criterion of having a primary factor loading of 0.40 or above. The first factor included the State and the Trait Anxiety scales and was labeled "Anxiety". The second factor included the SCS and the AIM and was labeled "emotional consciousness". Finally, the third factor included the BDI, the SSAS, the PCS, the QDSA and the VAS measuring pain at the moment of testing. Therefore, this factor was labeled "pain-related affect and reactions".

The results of multiple regressions assessing the determinants of interoception are presented in [Tables 5](#t5-jpr-11-823){ref-type="table"} and [6](#t6-jpr-11-823){ref-type="table"} and are presented in the text as *β* coefficients ± standard error of the mean.

### Accuracy

Two variables predicted HBscore (*R*^2^ = 0.25, *R*^2^~Adj~ = 0.062; [Table 5](#t5-jpr-11-823){ref-type="table"}). It was positively predicted by group (*β* = 0.759 ± 0.29, *P* \< 0.014) and negatively by pain-related affect and reactions (*β* = −0.627 ± 0.30, *P* \< 0.025). This result intimates that the higher the pain-related affect and reactions in FM patients, the lower the IA. A further trend-predictive effect of body mass index was found (*β* = 0.352 ± 0.19, *P* \< 0.075). In order to better understand these findings, the same regression analyses were carried out for each group separately. None of the independent variables predicted the results of the controls. However, the HBscore of FM patients was negatively predicted by pain-related affect and reactions (*β* = −0.668 ± 0.23, *P* \< 0.015) and positively predicted by emotional consciousness (*β* = 0.522 ± 0.22, *P* \< 0.035) and body mass index (*β* = 0.231 ± 0.19, *P* \< 0.016).

As far as the recording/response covariance is concerned, it was also predicted by the same variables (*R*^2^ = 0.35, *R*^2^~Adj~ = 0.196): positively by group (*β* = 0.825 ± 0.27, *P* \< 0.004) and negatively by pain-related affect and reactions (*β* = −0.674 ± 0.28, *P* \< 0.02). In order to better understand these findings, the same regression analyses were carried out for each group separately. None of the independent variables predicted the results of the controls. However, the recording/response covariance of FM patients was negatively predicted by pain-related affect and reactions (*β* = −0.869 ± 0.37, *P* \< 0.033). In agreement with the previous result, this one suggests that the higher the pain-related affect and reactions in FM patients, the lower the IA.

### Awareness

The confidence/accuracy covariance was not predicted by any variable ([Table 5](#t5-jpr-11-823){ref-type="table"}).

### Sensibility

The total score in the MAIA scale was positively predicted by emotional consciousness (*β* = 0.645 ± 0.21, *P* \< 0.005; *R*^2^ = 0.35, *R*^2^~Adj~ = 0.19). Further analyses were carried out on the eight subscales of the MAIA. Noticing and Emotional Awareness of the MAIA scale were both positively predicted by the emotional consciousness factor identified previously through PCA (*β* = 0.623 ± 0.21, *P* \< 0.006; *R*^2^ = 0.34, *R*^2^~Adj~ = 0.18, and *β* = 0.701 ± 0.19, *P* \< 0.001; *R*^2^ = 0.47, *R*^2^~Adj~ = 0.35, respectively), while this same factor only marginally predicted Attention Regulation (*β* = 0.446 ± 0.22, *P* \< 0.054; *R*^2^ = 0.52, *R*^2^~Adj~ = 0.27), Self-regulation (*β* = 0.461 ± 0.23, *P* \< 0.059; *R*^2^ = 0.43, *R*^2^~Adj~ = 0.19) and Body Listening (*β* = 0.441 ± 0.22, *P* \< 0.057; *R*^2^ = 0.52, *R*^2^~Adj~ = 0.27). Interestingly, Not-Worrying was negatively predicted by pain-related affect and reaction (*β* = −0.641 ± 0.27, *P* \< 0.025; *R*^2^ = 0.45, *R*^2^~Adj~ = 0.32). Finally, Not-Distracting and Trusting were not predicted by any variable. None of the above-mentioned significant effects interacted with group ([Table 6](#t6-jpr-11-823){ref-type="table"}).

Discussion
==========

The first aim of the current study was to investigate in a single sample of FM patients the three dimensions of interoception.[@b45-jpr-11-823] First, our results showed no difference between FM patients and controls, whatever the dimension, like in some recent studies,[@b16-jpr-11-823],[@b20-jpr-11-823] whereas in other studies, a difference was observed.[@b7-jpr-11-823],[@b17-jpr-11-823] This could probably be attributed not only to different definitions and theoretical frameworks used by the authors of these studies but also to differences in sample characteristics and methodology as well as the assessment of different and unrelated dimensions of interoception.[@b18-jpr-11-823] Nevertheless, by conducting correlation and regression analyses, we examined more precisely the relationship between interoception and affect and mood, hypervigilant self-awareness and pain, which was our second aim. Actually, pain,[@b18-jpr-11-823] emotions and affect[@b1-jpr-11-823],[@b46-jpr-11-823] and anxiety[@b47-jpr-11-823] are the key factors related to FM but also to interoception. The interest of these analyses is that the different dimensions of interoception seem to be determined by these factors. We discuss these results as follows.

IA in FM
--------

Corroborating the findings of Rost et al[@b13-jpr-11-823] and Valenzuela-Moguillansky et al,[@b16-jpr-11-823] we observed no difference between FM and controls in the heartbeat detection task.[@b14-jpr-11-823] However, when considering this measure as a function of individual characteristics, performance in an exteroceptive auditory attention task and three components extracted through the self-reported questionnaires, we found that IA was explained concomitantly by group and by pain-related affect and reactions. This last component is determined by depressive symptoms, pain, affective aspects of pain and pain catastrophizing, as well as somatosensory amplification. Interestingly, group had a positive predictive value, whereas the latter had a negative predictive value. This means that increased pain-related affect and reactions in FM decrease IA. These observations were confirmed when analyzing the results of each group separately. Pain-related affect and reactions predicted IA only in patients with FM. This finding was extended since emotional consciousness was found to be a supplementary predictor of IA, suggesting a combination of pain and emotion. Such a finding tallies well with the observation of Duschek et al[@b17-jpr-11-823] who found that IA correlated negatively with a questionnaire of clinical symptoms including pain and emotional well-being, the Fibromyalgia Impact Questionnaire. Similarly, in a study having used the paradigm of SPSs to assess interoception in FM,[@b7-jpr-11-823] it was found that measures of perceptual, sensory and affective aspects of pain (two of them being the same as here and entering the pain-related affect and reactions, ie, PCS and QDSA) explained as much as 28% of variance of the parameters of SPSs. Even though the SPS paradigm does not exclusively measure aspects of interoception (just like the heartbeat detection task does not measure solely IA), this finding is quite consistent with the idea that pain is closely related to interoception[@b18-jpr-11-823] and constitutes, along with catastrophizing and amplified somatosensory perception, a hallmark of dysfunction in FM. As predicted by McDermid et al,[@b4-jpr-11-823] FM patients may be as hypervigilant toward some forms of stimuli (such as SPSs)[@b7-jpr-11-823] as to exteroceptive stimuli.[@b16-jpr-11-823] In light of these results, pain and catastrophizing should therefore be investigated as concomitants or determinants of interoception, at least of IA. Interestingly, Rost et al[@b13-jpr-11-823] did not report any significant correlation between pain catastrophizing (using the PCS) and heartbeat detection accuracy, but neither did we in the present study. This is most probably due to the fact that PCS alone captures only a limited aspect of affect and reactions related to pain, and a more composite measure like the one uncovered through the PCA might capture the whole image.

IS in FM
--------

IS in FM was investigated in two previous studies,[@b7-jpr-11-823],[@b13-jpr-11-823] both having used the MAIA scale.[@b48-jpr-11-823] Unfortunately, none of them evidenced any difference between FM and controls, and this is also the case in the present study. The absence of sensitivity of this scale with other populations[@b20-jpr-11-823] suggests that it may not be the best tool to assess IS in chronic pain, even though its relation to emotional processes has been shown.[@b9-jpr-11-823] Yet, despite the absence of difference between FM and controls, we found that a component we termed emotional consciousness and included self-consciousness and the intensity of emotional reactions to typical life events positively predicted the MAIA score independently from group. Further analyses showed that two subscales from the MAIA were positively predicted by this factor, namely Noticing and Emotional Awareness. Mehling et al[@b48-jpr-11-823] defined Noticing as awareness of body sensations, being disturbing or not, and Emotional Awareness as awareness of the connection between body sensations and emotional states. These last two components closely reflect the concept of IS defined as being the dispositional tendency to be internally focused and interoceptively cognizant.[@b20-jpr-11-823],[@b45-jpr-11-823] A third subscale of the MAIA, namely Not-Worrying, was negatively predicted by the pain-related affect and reactions factor. According to Mehling et al,[@b20-jpr-11-823] Not-Worrying reflects freedom from emotional distress due to sensations of pain or discomfort. The negative relation with the pain-related affect and reactions can thus be easily understood. Still, all these predictive relations were independent from group, suggesting not only that IS, at least as assessed here, does not differ quantitatively in FM and in controls but also that its relation to pain and emotional consciousness is similar in both groups.

IAW in FM
---------

To our knowledge, this is the only study among the rare ones that assessed interoception in FM[@b13-jpr-11-823],[@b17-jpr-11-823],[@b26-jpr-11-823] to investigate the relation between heartbeat detection accuracy and confidence in responses as a measure of IAW. This is also the first one to report no difference between FM and controls. If we accept that the relationship between accuracy in a heartbeat detection task and confidence in response reflects IAW,[@b20-jpr-11-823] then the choice of the various instruments can probably explain the absence of any effect in the present study. However, it seems difficult to choose the right instruments without a clear definition of the determinants of confidence in interoceptive judgments. A first cue is that pain intensity at the moment of testing, assessed through the VAS, is negatively correlated with IAW. Indeed, such a correlation was found for the whole sample. However, pain-related affect and reactions did not explain IAW, and no other variable did. Contrary to the pain VAS used here, the remaining measures related to pain and included in the pain-related affect and reactions factor assess more general aspects which are not time-locked. The pain VAS, just like confidence ratings in heartbeat detection accuracy, measures something that happens here-and-now, and this may be one of the dimensions of IAW our instruments failed to capture.

Arousal, anxiety and interoception
----------------------------------

An idea that is frequently presented in the literature on interoception is that arousal and anxiety are its determinants.[@b49-jpr-11-823]--[@b52-jpr-11-823] In the present study, RHR (which is considered as a measure of autonomous arousal) and self-report anxiety did not differ between FM patients and controls and were not predictive of any of the three dimensions of interoception. When taking a look at the published papers having used the heartbeat detection task in FM,[@b13-jpr-11-823],[@b17-jpr-11-823],[@b26-jpr-11-823] only one reported heart variables at rest and their relationship to interoception[@b13-jpr-11-823] and this was heartbeat variability. It was found that FM patients had a lower heartbeat variability than controls and was interpreted as reflecting the result of exhausted self-regulatory resources due to the persistent challenge posed by chronic pain. However, no significant association was found with IA, even though a trend toward significance and a very small effect size was described.

On the other hand, even though the relationship between anxiety and interoception seems to be widely accepted, empirical evidence suggests that this might depend on the instruments used to measure anxiety.[@b50-jpr-11-823] Interestingly, just like us, Dunn et al[@b51-jpr-11-823] found that anxiety, as a multidimensional construct, did not relate to IA. However, when separate dimensions of anxiety were considered, only anxiety-specific arousal was associated with interoception accuracy. Unfortunately, we did not measure different dimensions of anxiety and this might be the reason why no effect was found.

Overall, it seems that these different dimensions of anxiety might influence different dimensions of interoception, and that arousal plays an important role probably in association with anxiety. This has to be confirmed in the future, and the relationship with pain and pain-related affect explored in FM.

Limitations and future directions
---------------------------------

It is shown that pain-related affect and reactions combined with increased emotional consciousness are related to decreased IA in FM patients. However, the present study does not allow understanding the mechanisms through which this is achieved. Another limitation is that our rather small sample was exclusively made of females, probably restricting the generalizability of the results. Correlational analyses are sensitive to the sample size, and caution is needed when interpreting the results. However, the differences between the groups were found only through regression analyses, which are more robust and reveal causal relations between predictive variables and performance. Finally, since several forms of FM have been identified,[@b53-jpr-11-823] it seems necessary to remain cautious because the diagnostic criteria of FM are exclusively based on the symptoms and not on its pathological mechanisms. Despite these limitations, our results are in agreement with the idea that interoception in FM is modulated by pain and related affective states. They can also have a practical impact. If poor interoception contributes to an affective dysregulation and a somatosensory distortion in FM, working the perception of internal signals can be a target for therapy. This can be achieved only if the mechanisms underlying interoception in FM are better understood, and we believe that our study makes a significant contribution toward this aim.

This study benefited from funding support from the LABEX CORTEX (ANR-11-LABX-0042) of the University of Lyon, under the "Investissements d'Avenir" programme (ANR-11-IDEX-0007) run by the French National Research Agency (ANR). Additionally, the authors thank the teams of the Pain Centre and the medical unit Visas (CHU de Saint-Etienne) for their precious help with the clinical sample. The authors also specifically thank Dr Creac'h and Dr Hupin who referred us the patients.

**Disclosure**

The authors report no conflicts of interest in this work.

###### 

General data (mean and SD) from the present study

  Data                              Controls       Fibromyalgia   Welch's   Cohen's *d*                                        
  --------------------------------- -------------- -------------- --------- -------------------------------------------------- ------
  Demographics                                                                                                                 
   Age, years                       46.3 (9.9)     50.3 (8.7)     1.40      0.17                                               0.43
   Years of education               14.2 (3.1)     12.6 (2.2)     1.91      0.07                                               0.59
  Physiology                                                                                                                   
   Body mass index, kg/m^2^         26.0 (5.8)     27.7 (5.2)     0.96      0.34                                               0.59
   Resting heart rate, bpm          79.3 (9.7)     81.7 (9.2)     0.81      0.42                                               0.25
  Interoception                                                                                                                
   HBscore                          0.39 (0.32)    0.47 (0.31)    0.89      0.37                                               0.28
   Recording/response covariance    263 (293)      372 (287)      1.21      0.23                                               0.28
   Confidence/accuracy covariance   0.04 (0.3)     −0.01 (0.1)    0.66      0.51                                               0.20
   Sensibility (MAIA scale)                                                                                                    
    Noticing                        13.05 (4.01)   14.83 (3.17)   −1.5      0.14                                               0.49
    Not-Distracting                 5.9 (3.38)     6.33 (3.36)    −0.3      0.70                                               0.13
    Not-Worrying                    9.74 (3.78)    8.39 (4.26)    1.01      0.32                                               0.34
    Attention Regulation            18.68 (7.82)   17.44 (6.47)   0.52      0.60                                               0.17
    Emotional Awareness             13.9 (4.41)    15.39 (3.45)   −1.1      0.26                                               0.38
    Self-regulation                 9.05 (4.77)    7.83 (3.79)    0.86      0.39                                               0.28
    Body Listening                  9.42 (6.16)    8.83 (4.2)     0.34      0.74                                               0.11
    Trusting                        10.21 (4.01)   6.72 (3.29)    2.90      0.006[\*](#tfn1-jpr-11-823){ref-type="table-fn"}   0.95
    Total MAIA                      89.9 (24.3)    85.7 (15.6)    0.61      0.54                                               0.20
  Mood and affect                                                                                                              
   State Anxiety                    43.0 (10.5)    46.4 (7.3)     1.20      0.24                                               0.37
   Trait Anxiety                    45.6 (9.0)     46.8 (5.3)     0.54      0.59                                               0.17
   BDI                              3.09 (2.7)     9.85 (5.5)     4.97      0.001[\*](#tfn1-jpr-11-823){ref-type="table-fn"}   1.54
   AIM                              76.9 (13.9)    81.2 (12.3)    1.06      0.29                                               0.33
  Self-awareness                                                                                                               
   SSAS                             27.4 (5.6)     33.1 (4.1)     3.77      0.001[\*](#tfn1-jpr-11-823){ref-type="table-fn"}   1.17
   SCS                              52.7 (11.2)    50.5 (12.5)    0.58      0.56                                               0.18
  Pain and catastrophizing                                                                                                     
   VAS pain                         0.94 (2.0)     4.26 (1.9)     5.43      0.001[\*](#tfn1-jpr-11-823){ref-type="table-fn"}   1.68
   PCS                              15.5 (8.5)     30.7 (9.6)     5.40      0.001[\*](#tfn1-jpr-11-823){ref-type="table-fn"}   1.67
   QDSA                             38.9 (20.2)    105.3 (40.8)   6.67      0.001[\*](#tfn1-jpr-11-823){ref-type="table-fn"}   2.06
  Auditory attention                                                                                                           
   Accuracy                         0.89 (0.08)    0.85 (0.09)    1.34      0.19                                               0.33
   Stimulus/response covariance     628 (89)       656 (79)       1.07      0.29                                               0.42

**Note:**

Significant difference between FM patients and controls; bicaudal probability.

**Abbreviations:** Hbscore, heartbeat perception score; MAIA, Multidimensional Assessment of Interoceptive Awareness; BDI, Beck Depression Inventory; AIM, Affect Intensity Measure; SSAS, Somatosensory Amplification Scale; SCS, Self-Consciousness Scale; VAS, Visual Analogue Scale; PCS, Pain Catastrophizing Scale; QDSA, Questionnaire Douleur Saint-Antoine; FM, fibromyalgia.

###### 

Pearson correlation coefficients between measures of interoception considering the whole sample

  Variable                         Recording/response covariance                      Confidence/accuracy covariance   MAIA scale                                                                                                                                                                                                                                                                                                                                                                            
  -------------------------------- -------------------------------------------------- -------------------------------- ------------ --------------------------------------------------- -------------------------------------------------- --------------------------------------------------- --------------------------------------------------- --------------------------------------------------- -------------------------------------------------- -------------------------------------------------- --------------------------------------------------
  HBscore                          0.755[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   0.174                            0.102        −0.198                                              0.318                                              −0.084                                              −0.026                                              0.014                                               −0.063                                             0.225                                              0.046
  Recording/response covariance                                                       0.089                            0.187        −0.144                                              0.387[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   −0.073                                              −0.093                                              0.025                                               −0.090                                             −0.002                                             0.025
  Confidence/accuracy covariance                                                                                       0.061        0.049                                               0.198                                              0.011                                               0.041                                               0.064                                               0.093                                              0.187                                              0.144
  Noticing                                                                                                                          −0.339[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   −0.294                                             0.254                                               0.542[\*](#tfn3-jpr-11-823){ref-type="table-fn"}    0.302                                               0.317                                              −0.021                                             0.402[\*](#tfn3-jpr-11-823){ref-type="table-fn"}
  Not-Distracting                                                                                                                                                                       −0.264                                             −0.341[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   −0.045                                              −0.410[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   −0.253                                             −0.265                                             −0.281
  Not-Worrying                                                                                                                                                                                                                             0.031                                               −0.400[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   0.254                                               −0.020                                             0.321                                              0.145
  Attention Regulation                                                                                                                                                                                                                                                                         0.505[\*](#tfn3-jpr-11-823){ref-type="table-fn"}    0.637[\*](#tfn3-jpr-11-823){ref-type="table-fn"}    0.738[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   0.408[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   0.847[\*](#tfn3-jpr-11-823){ref-type="table-fn"}
  Emotional Awareness                                                                                                                                                                                                                                                                                                                              0.457[\*](#tfn3-jpr-11-823){ref-type="table-fn"}    0.592[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   0.170                                              0.664[\*](#tfn3-jpr-11-823){ref-type="table-fn"}
  Self-regulation                                                                                                                                                                                                                                                                                                                                                                                      0.748                                              0.418[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   0.833[\*](#tfn3-jpr-11-823){ref-type="table-fn"}
  Body Listening                                                                                                                                                                                                                                                                                                                                                                                                                                          0.453[\*](#tfn3-jpr-11-823){ref-type="table-fn"}   0.888[\*](#tfn3-jpr-11-823){ref-type="table-fn"}
  Trusting                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   0.593[\*](#tfn3-jpr-11-823){ref-type="table-fn"}

**Note:**

Significant correlation.

**Abbreviations:** Hbscore, heartbeat perception score; MAIA, Multidimensional Assessment of Interoceptive Awareness.

###### 

Pearson correlation coefficients between measures of interoception and self-reported instruments assessing mood and affect, self-awareness, pain and catastrophizing. The whole sample is considered.

  Variable                         Mood and affect   Self-awareness   Pain and catastrophizing                                                                                                                                                                                                                                                                                               
  -------------------------------- ----------------- ---------------- --------------------------------------------------- -------------------------------------------------- --------------------------------------------------- --------------------------------------------------- --------------------------------------------------- --------------------------------------------------- ---------------------------------------------------
  HBscore                          0.073             0.153            −0.138                                              0.246                                              −0.136                                              −0.213                                              0.071                                               −0.139                                              0.078
  Recording/response covariance    0.091             0.056            −0.115                                              0.108                                              −0.127                                              −0.265                                              −0.024                                              −0.170                                              0.063
  Confidence/accuracy covariance   −0.029            −0.120           −0.092                                              0.012                                              −0.160                                              0.146                                               −0.335[\*](#tfn5-jpr-11-823){ref-type="table-fn"}   −0.074                                              −0.108
  MAIA scale                                                                                                                                                                                                                                                                                                                                                                                 
   Noticing                        0.283             0.175            0.223                                               0.446[\*](#tfn5-jpr-11-823){ref-type="table-fn"}   0.273                                               0.334                                               0.116                                               0.273                                               0.399[\*](#tfn5-jpr-11-823){ref-type="table-fn"}
   Not-Distracting                 −0.039            −0.054           0.280                                               −0.069                                             −0.016                                              0.254                                               −0.120                                              0.102                                               0.147
   Not-Worrying                    −0.147            −0.033           −0.517[\*](#tfn5-jpr-11-823){ref-type="table-fn"}   −0.290                                             −0.355[\*](#tfn5-jpr-11-823){ref-type="table-fn"}   −0.518[\*](#tfn5-jpr-11-823){ref-type="table-fn"}   −0.238                                              −0.468[\*](#tfn5-jpr-11-823){ref-type="table-fn"}   −0.297
   Attention Regulation            0.070             0.032            −0.104                                              0.216                                              0.230                                               0.214                                               0.017                                               −0.123                                              0.036
   Emotional Awareness             0.072             0.019            0.240                                               0.440[\*](#tfn5-jpr-11-823){ref-type="table-fn"}   0.389[\*](#tfn5-jpr-11-823){ref-type="table-fn"}    0.494[\*](#tfn5-jpr-11-823){ref-type="table-fn"}    0.160                                               0.344[\*](#tfn5-jpr-11-823){ref-type="table-fn"}    0.291
   Self-regulation                 0.069             −0.055           −0.203                                              0.174                                              0.219                                               0.194                                               −0.078                                              −0.231                                              −0.044
   Body Listening                  0.152             0.002            0.061                                               0.227                                              0.390[\*](#tfn5-jpr-11-823){ref-type="table-fn"}    0.421[\*](#tfn5-jpr-11-823){ref-type="table-fn"}    0.055                                               −0.031                                              0.125
   Trusting                        −0.104            −0.022           −0.393[\*](#tfn5-jpr-11-823){ref-type="table-fn"}   0.077                                              −0.086                                              0.000                                               −0.154                                              −0.461[\*](#tfn5-jpr-11-823){ref-type="table-fn"}   −0.468[\*](#tfn5-jpr-11-823){ref-type="table-fn"}
   Total MAIA                      0.087             0.016            −0.110                                              0.283                                              0.262                                               0.319                                               −0.041                                              −0.150                                              0.037

**Note:**

Significant correlation.

**Abbreviations:** BDI, Beck Depression Inventory; AIM, Affect Intensity Measure; SSAS, Somatosensory Amplification Scale; SCS, Self-Consciousness Scale; VAS, Visual Analogue Scale; PCS, Pain Catastrophizing Scale; QDSA, Questionnaire Douleur Saint-Antoine; MAIA, Multidimensional Assessment of Interoceptive Awareness.

###### 

Factor loadings associated with a principal component analysis carried out on the self-reported measures. Three components were identified.

  Questionnaire/scale     Anxiety   Emotional consciousness   Pain-related affect and reactions
  ----------------------- --------- ------------------------- -----------------------------------
  State Anxiety           0.907                               
  Trait Anxiety           0.942                               
  SCS                               0.954                     
  AIM                               0.463                     
  BDI                                                         0.763
  SSAS                                                        0.744
  PCS-CF                                                      0.820
  QDSA                                                        0.803
  VAS pain                                                    0.825
  \% Variance explained   19.5      11.7                      40.7

**Abbreviations:** SCS, Self-Consciousness Scale; AIM, Affect Intensity Measure; BDI, Beck Depression Inventory; SSAS, Somatosensory Amplification Scale; PCS-CF, Pain Catastrophizing Scale - French Version; QDSA, Questionnaire Douleur Saint-Antoine; VAS, Visual Analogue Scale.

###### 

*β* coefficients (+ 1 standard error of the mean) resulting from multiple regression analyses carried out on measures of interoceptive accuracy and interoceptive awareness.

  Predictive variable                            Interoceptive accuracy                                     Interoceptive awareness                                    
  ---------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------
  Demographics                                                                                                                                                         
   Group                                         0.759 (0.29)[\*](#tfn8-jpr-11-823){ref-type="table-fn"}    0.825 (0.27)[\*](#tfn8-jpr-11-823){ref-type="table-fn"}    0.273 (0.30)
   Age                                           −0.163 (0.19)                                              −0.24 (0.17)                                               −0.004 (0.19)
  Physiology                                                                                                                                                           
   Body mass index                               0.352 (0.19)                                               0.294 (0.18)                                               −0.037 (0.20)
   Resting heart rate                            −0.156 (0.25)                                              −0.187 (0.23)                                              −0.415 (0.25)
  Factors underlying self-reported instruments                                                                                                                         
   Anxiety                                       0.179 (0.18)                                               0.116 (0.16)                                               −0.136 (0.18)
   Emotional consciousness                       0.315 (0.20)                                               0.198 (0.18)                                               0.219 (0.20)
   Pain-related affect and reactions             −0.627 (0.30)[\*](#tfn8-jpr-11-823){ref-type="table-fn"}   −0.674 (0.28)[\*](#tfn8-jpr-11-823){ref-type="table-fn"}   −0.443 (0.31)
  Auditory attention                                                                                                                                                   
   Accuracy                                      −0.051 (0.26)                                                                                                         
   Stimulus/response covariance                                                                             0.178 (0.24)                                               0.139 (0.27)

**Note:**

Significant predictive relation.

**Abbreviation:** Hbscore, heartbeat perception score.

###### 

*β* coefficients (+ 1 standard error of the mean) resulting from multiple regression analyses carried out on the MAIA scale as a measure of interoceptive sensibility

  Predictive variable                            Interoceptive sensibility (MAIA scale)                                                                                                                                                                                                                            
  ---------------------------------------------- ---------------------------------------------------------- --------------- ----------------------------------------------------------- --------------- ---------------------------------------------------------- --------------- --------------- --------------- ----------------------------------------------------------
  Demographics                                                                                                                                                                                                                                                                                                     
   Group                                         0.429 (0.30)                                               0.104 (0.35)    0.425 (0.27)                                                0.127 (0.31)    0.308 (0.27)                                               0.053 (0.33)    −0.069 (0.31)   −0.174 (0.32)   0.242 (0.30)
   Age                                           −0.030 (0.19)                                              −0.162 (0.23)   −0.072 (0.17)                                               −0.252 (0.20)   −0.167 (0.17)                                              0.147 (0.21)    −0.230 (0.20)   −0.018 (0.21)   −0.198 (0.19)
  Physiology                                                                                                                                                                                                                                                                                                       
   Body mass index                               0.208 (0.20)                                               −0.103 (0.24)   0.259 (0.19)                                                0.240 (0.21)    0.108 (0.18)                                               0.240 (0.22)    0.161 (0.21)    0.187 (0.21)    0.305 (0.20)
   Resting heart rate                            0.055 (0.19)                                               −0.225 (0.22)   0.075 (0.17)                                                0.170 (0.20)    0.147 (0.17)                                               0.231 (0.21)    0.069 (0.20)    0.090 (0.20)    0.160 (0.19)
  Factors underlying self-reported instruments                                                                                                                                                                                                                                                                     
   Anxiety                                       0.093 (0.16)                                               −0.084 (0.19)   0.089 (0.15)                                                0.062 (0.17)    −0.116 (0.15)                                              −0.045 (0.18)   0.043 (0.17)    0.009 (0.18)    0.023 (0.16)
   Emotional consciousness                       0.623 (0.21)[\*](#tfn10-jpr-11-823){ref-type="table-fn"}   0.064 (0.25)    −0.156 (0.19)                                               0.446 (0.22)    0.701 (0.19)[\*](#tfn10-jpr-11-823){ref-type="table-fn"}   0.461 (0.23)    0.441 (0.22)    0.253 (0.22)    0.645 (0.21)[\*](#tfn10-jpr-11-823){ref-type="table-fn"}
   Pain-related affect and reactions             −0.182 (0.30)                                              0.034 (0.35)    −0.641 (0.27)[\*](#tfn10-jpr-11-823){ref-type="table-fn"}   −0.114 (0.31)   −0.048 (0.27)                                              −0.253 (0.33)   0.152 (0.31)    −0.272 (0.32)   −0.270 (0.29)

**Note:**

Significant predictive relation.

**Abbreviation:** MAIA, Multidimensional Assessment of Interoceptive Awareness.
